Introduction
In previous reports (Mass~ et al., 1990a, b; Garcin et al., 1990) we demonstrated that after infection of permissive cells by herpes simplex virus type 1 (HSV-1), the translational apparatus undergoes at least three important modifications: (i) non-reversible phosphorylation of $6 ribosomal protein immediately after the adsorption step (see also Fenwick & Walker, 1979; Kennedy et al., 1981) , even without serum and in the absence of viral genome expression, by activation of the inositol phospholipid pathway; (ii) unusual phosphorylation of other ribosomal proteins by virus-induced kinase activities; Off) association with ribosome-containing fractions of three phosphorylated proteins (vl, v2 and v3 ) not found in non-infected cells and therefore probably of viral origin. These three proteins are found at the early stage of infection for vl and v2, and at the early/late time of infection for v3, as revealed by different two-dimensional (2D)-PAGE analyses of proteins extracted from purified ribosome-containing fractions. Protein vl of Mr 26000 is basic, with some charge heterogeneity leading to several derivatives after 2D-PAGE I Present address: Department of Neurobiology and Anatomy, Medical School at Houston, 6431 Fannin, Houston, Texas 77030, U.S.A.
analysis. It accumulates in the ribosomal fraction after 6 h of infection but is observed as early as at 2 h postinfection in the presence of actinomycin D. In addition, the amount of vl found among the ribosomal proteins is clearly dependent on the m.o.i. Moreover, when cells are infected with 32P-labelled HSV-1, autoradiography of the ribosomal proteins separated by 2D-PAGE reveals that vl is already phosphorylated. In addition, vl appears newly synthesized late in infection after [35S]methionine labelling. Taken together these results indicate that vl is indeed brought into the cell already phosphorylated within the viral particle. Finally, the analysis of ~2p_ labelled proteins extracted from the 40S, 80S and polyribosome fractions shows that vl is present in all three fractions but v2 is associated only with the 80S and polyribosome fractions (Mass6 et al., 1990a) .
In an attempt to elucidate the role of these proteins found associated with ribosomal fractions we decided to undertake the identification of vl assuming that it is of viral origin and introduced into the cell by the viral particle. Based on the observations reported above, we postulated at this stage of our investigations that vl could be the US 11 gene product, a protein that localizes to nucleoli of infected cells (MacLean et al., 1987) and is a DNA-binding (MacLean et al., 1987) as well as an RNA-binding protein (Roller & Roizman, 1990 . Like vl, the product of gene USll, a true late gene, is 0001-1333 © 1993 SGM expressed very late in infection (Johnson et al., 1986; Johnson & Everett, 1986; Kibler et al., 1991) , and appears as a heterogeneous and basic protein of apparent Mr similar to that of vl (Rixon & McGeoch, 1984; Johnson et al., 1986; MacLean et al., 1987; Roller & Roizman, 1990) . When this work was ready to be published, Roller & Roizman (1992) showed that the RNA-binding protein USll is a viral component and found it to be associated with 60S ribosomal subunits.
The data presented herein identify vl as the US11 gene product and show that it is phosphorylated. The heterogeneity of this protein is partially due to the existence of derivatives characterized by multiple phosphorylation states on serine residues. Furthermore, there is strong evidence that the US ll protein is associated non-specifically with both ribosomal subunits. A preliminary report of this work has been presented previously (Mass~ et at., 1991) .
Methods
Enzymes and reagents. Cyanogen bromide (CNBr) was from Serva. Formic acid, isopropanol and TCA were from Prolabo. Trifluoroacetic acid, L-lysine, thioglycolic acid, glutathione-agarose beads, nitroblue tetrazolium (NBT), 5-bromo-4-chloro-3-indolyl phosphate disodium salt (BCIP), EGTA and puromycin were purchased from Sigma. All other chemicals were from Merck. T4 DNA polymerase, restriction endonucleases, IPTG, reduced glutathione and micrococcal nuclease were supplied by Boehringer. All enzymes were used according to instructions provided by the suppliers.
Cells and virus.
Human epidermoid carcinoma 2 (HEp-2) ceils were grown in monolayers in Eagle's MEM supplemented with 10% heatinactivated newborn calf serum (NBCS). The HSV-1 macroplaque strain was obtained from B. Jacquemont (Lyon, France) and was a gift from B. Roizman (Chicago, II1., U.S.A.).
Infection of cells and 32p labelling.
Cells were infected at preconfluence with an m.o.i, of 5 or 50 p.f.u, per cell in medium 199 (Flow Laboratories) supplemented with 1% heat-inactivated NBCS, and incubated for 1 h at 33 °C. The inoculum was removed and cells were rinsed and overlaid with the same NBCS-supplemented medium. Cells were then incubated at 37 °C following infection for either 6 h or 20 h. For ~zP labelling, the medium was removed and replaced by phosphatefree MEM supplemented with [z2p]H3PO 4 (carrier-free; from Compagnie ORIS Industrie) at a final concentration of 40 laCi/ml (148 MBq/ml) supplemented with dialysed NBCS.
Cell fractionation procedures. Ribosomes were prepared from infected or mock-infected cells as previously described (Mass6 et al., 1990a ) from a post-mitochondrial supernatant adjusted to 0-5 M-KCI and layered onto a 2 ml cushion of 1 M-sucrose made in 0.5 M-KCI, 0.005 M-MgC12, 0.05 M-Tri~HC1 pH 7.4, 0.002 M-dithioerythritol (DTE). They were pelleted by ultracentrifugation in a Beckman TL100 table-top ultracentrifuge for 3 h at 260000 g at 4 °C in a Beckman TLA 100-3 rotor. The post-ribosomal supernatant was kept on ice for protein extraction by the acetic acid procedure (Waller & Harris, 1961 ; Madjar et al., 1979) . In some experiments, the post-mitochoudrial supernatant was prepared in a buffer containing only 0.025 M-KC1 and was not adjusted to 0.5 M-KC1 before purification of ribosomes through a 1 M-sucrose cushion made in 0.025 M-KC1 instead of 0.5 M-KC1. Pelleted ribosomes were resuspended in buffer (0.025 M-KC1, 0.005 MMgCI2, 0"05 u-Tris-HCl pH 7.4, 0-002 M-DTE) quantified by measuring the absorbance at 260 nm and kept on ice before sucrose gradient fractionation or ribosomal protein extraction by the acetic acid procedure. When indicated, ribosomal suspensions were adjusted to 0.5 M-KC1 and layered onto 10 to 40 % (w/v) linear sucrose gradients made in 0-005 M-MgCI 2, 0-05 M-Tris--HC1 pH 7.4, 0.002 M-DTE containing either 0.5 or 0.025 M-KCI and centrifuged for 4 h or 5 h at 40000 r.p.m, in a Beckman SW41 rotor at 4 °C.
In some experiments and before sucrose gradient fractionation, ribosomes purified at low ionic strength in buffer containing 0.025 M-KC1 were resuspended in buffer containing only 0.0015 M-MgC12 and treated with either 10 -4 M-puromycin or 100 units/ml of micrococcal nuctease or both. Puromycin treatment was achieved after 15 min at 0 °C followed by 10 min at 37 °C (Blobel & Sabatini, 1971) . Nuclease treatment was carried out for 15 min at 20 °C in the presence of 0.001 M-CaC12 and the reaction was stopped by addition of 0.002 M-EGTA. Gradients were collected from the top and absorbance along the gradient was monitored at 254 nm in a photometer (Knauer) connected on line to a micro-computer. TCA was added to a final concentration of 10% (w/v) to each fraction of eight drops and kept on ice for 10 min. Precipitated material was pelleted at 12000 g for 30 min at 4 °C. Pellets were rinsed with acetone:ether (50: 50) and air-dried before electrophoresis.
Electrophoresis procedures. Proteins were separated either by SDS--PAGE or by different 2D-PAGE procedures. For SDS-PAGE, proteins were solubilized in sample buffer containing 0"0625M-Tris-HC1 pH 6"8, 1% (w/v) SDS, 0"1 M-DTE, 10% glycerol and 0-001% bromophenol blue and heated or not at 95 °C for 3 rain before separation by electrophoresis in a 1 mm thick slab gel made of 12%:0-32% polyacrylamide and with SDS in the upper buffer only (Laemmli, 1970) . Acetic acid-extracted ribosomal and other basic proteins were alkylated (Madjar & Traut, 1980 ) before 2D-PAGE in two complementary electrophoretic systems that were described in detail elsewhere . Briefly the first dimension separation was carried out in 1.25 mm inside diameter tube gels containing 4% (w/v) polyacrylamide and 8 M-urea at pH 8.6. The 1 mm thick slab gel used for the second dimension contained 6 M-urea in either 12.5 % (w/v) polyacrylamide at pH 6.75 in the presence of SDS for electrophoretic system II (basic-SDS) or in 18 % polyacrylamide at pH 4.5 for electrophoretic system III (basic-acidic). For immunoblotting purposes, proteins separated either by SDS-PAGE or by 2D-PAGE in electrophoretic system II (basic-SDS) were transferred to nitrocellulose membranes (Schleicher & Schiill) according to KyhseAndersen (1984) . Immobilized proteins were stained with a Ponceau S solution made in 5 % TCA. Membranes were saturated for 30 min in PBS containing 0.2 % Tween 20 and 1% non-fat milk then incubated for 2 h in PBS containing 10% NBCS and 0-2% Tween 20 (PST) and indicated amounts of anti-GT-vl rabbit antiserum (see below). Membranes were washed five times in PST and incubated for 1 h with a 1 : 1000 dilution of alkaline phosphatase-conjugated anti-rabbit IgG (Sigma). After washing three times with PST and twice with PBS alone, membranes were immersed for 2 to 5 min in a substrate solution of NBT/BCIP. The enzymatic reaction was stopped by immersion in water.
Sequence determination of vl. For sequence determination of vl, proteins separated by 2D-PAGE were transferred to PVDF membranes (Immobilon-P from Millipore) using a 'semi-dry' electroblotting apparatus (Ancos) as described by Kyhse-Andersen (1984) . Immobilized proteins were visualized with 0" 1% amido black solubilized in 45 % methanol and 9 % acetic acid. Pieces of membranes containing vl were cut out and immobilized proteins were submitted either to direct N-terminal microsequencing or to in situ CNBr cleavage. The in situ CNBr cleavage of immobilized vl protein was performed as described by Scott et al. (1988) . In brief, pieces of membrane containing protein were excised and incubated for 16 h, in the dark, at room temperature, with a 10mg/ml CNBr solution made in 70% (v/v) degassed formic acid. Small generated peptides were eluted from the membranes with a 0.2% trifluoroacetic acid solution in 70 % (v/v) isopropanol containing 0.1 mM-lysine and 0'1 mM-thioglycolic acid. The solution containing the eluted peptides was then dried under vacuum in a Speed-Vac Savant concentrator. Dried samples were resuspended and boiled for 5 rain in sample buffer and applied to a high-resolution discontinuous SDS-polyacrylamide gel (ScMgger & yon Jagow, 1987) . Separated peptides were transferred to PVDF as above and stained with amido black. The membrane was dried and peptide-containing pieces of membrane were cut out for N-terminal sequence determination. The sequence determinations were performed by Edman degradation using a 470 A Applied Biosystems gas-phase sequencer. Phenylthiohydantoin (PTH) amino acids were identified on line with a 120 A Applied Biosystems PTH-Analyser by reverse-phase HPLC using a Brownlee PTH-C-18 cartridge (2.1 x 220 mm). Before sequencing, the Immobilon pieces were cut in 1 x 1 mm pieces and placed into the cartridge of the sequencer; no polybrene-treated glass fibre was used. The sequencing was performed using the 03RPTH program provided by Applied Biosystems, with slight modifications. All the products and reagents used for sequencing were from Applied Biosystems. Chemical delivery rates were carefully monitored at the beginning of each sequence determination.
Construction and purification of recombinant fusion protein GT-vl.
The glutathione S-transferase (GST) gene fusion system (Pharmacia) was used to synthesize the recombinant fusion protein GT-vl in Eseherichia colt cultures. The prokaryotic expression vector pGEX-1 was first engineered, pGEX-1 contained a part of the coding sequence from the HSV-1 (KOS strain) USll gene fused in frame to the GST coding sequence. To construct pGEX-I, the BglILEeoRI (3896 bp) fragment from pSG-25 (Goldin et al., 1981) , was first subcloned into pBluescript II KS+ (Stratagene) for obtaining pG-2. The KspI-XhoI fragment (471 bp), containing sequences coding for about 75 % of the US 11 carboxy-part gene product including its translational terminator codon, was isolated from pG-2 and treated with T4 DNA polymerase to provide blunt ends. Finally, to obtain pGEX-1 containing sequences coding for the fusion protein GT-vl, this blunt-ended fragment was inserted into the SmaI site of pGEX-2T (Pharmacia), GT-vl fusion protein was purified from pGEX-1-transformed E. colt DH5a (Gibco-BRL) stimulated with IPTG for 4 h. Bacteria from I 1 of culture were sonicated in 1% Triton X-100 containing PBS. Lysed bacteria were centrifuged for 5 rain at 5000g at 4 °C and the supernatant was incubated for 5 rain with glutathion~agarose beads. Bound proteins were eluted from the beads by three washes with 5 mM-reduced glutathione in 0.05 M-Tris-HC1 pH 8-0. Eluted proteins were dialysed, concentrated and analysed by SDS-PAGE (Laemmli, 1970) . For further purification of GT-vl, eluted proteins were separated on preparative polyacrylamide slab gels in the presence of 0-1% SDS. Gels were stained with Coomassie blue R250 and the GT-vl-containing band was cut out and dried. GT-vl was eluted from the gel and finally concentrated by use of a discontinuous electrophoretic system in agarose tube gels (Wu et al., 1982) . The agarose-embedded protein was diluted in PBS together with complete Freund's adjuvant, and directly injected into rabbits according to Vaitukaitis et al. (1971) .
Results

vl is a multiply phosphorylated protein and identical to the USll gene product
When total ribosomal proteins (TP80S) extracted from cells after 6 h of infection were analysed by 2D-PAGE (electrophoretic system III, basic-acidic), several extra spots were clearly visible as already shown (Mass6 et al., 1990a) . This electrophoretic system was the only one allowing resolution of all the vl derivatives without comigration with ribosomal proteins after Coomassie blue staining. As depicted in Fig. 1 , two rows of spots were present in the area of the S10 ribosomal protein (McConkey et al., 1979) . The main spot, labelled vl, appeared with an intensity the same order of magnitude of that of the ribosomal proteins. This vl spot was situated below and to the right of S10, and the other spots of lower intensity were localized to the left of vl. They are indicated in Fig. 1 (b) by small arrows labelled la, lb and lc. Two other tiny spots marked with arrows without numbering were clearly visible above spots la and lb. This analysis suggested that the more acidic spots to the left ofvl could be phosphorylated derivatives of vl. This was demonstrated by autoradiography of the gel (see inset in Fig. t b) showing four spots labelled la to Id to the left of vl indicating that they were phosphorylated derivatives and that vl also existed in a non-phosphorylated state. When overexposed (not shown) the autoradiogram revealed two other spots above la and lb matching the two spots visible on the Coomassie blue-stained gel and indicated by arrows without numbering. The phosphoamino acid analysis of v l derivatives was carried out as previously described (Buendia et at., 1987; Mass6 et al., 1990a) and revealed only phosphoserine (not shown).
Because previous analyses (Mass6 et al. 1990a ) showed that vl is synthesized late after infection, vl was isolated from HSV-l-infected HEp-2 cells at the end of the virus cycle, i.e. after 20 h. Total acetic acid-extracted proteins were separated by 2D-PAGE in electrophoretic system II (see Methods), transferred to PVDF membranes and stained with amido black. Membrane pieces containing all the vl derivatives were cut out and pooled for microsequencing of the N terminus. No PTH residue was obtained although a sufficient amount of protein was adsorbed onto the PVDF pieces. This negative result suggested that the vl N terminus was blocked. A second experiment was performed to generate internal peptides of vl. All the vl derivatives immobilized on PVDF membranes were subjected to an in situ CNBr cleavage (Scott et al., 1988) . Three major peptides, designated A, B and C, with apparent relative molecular masses of 26000, 19000 and 18500, respectively, were separated through a high-resolution discontinuous SDS-polyacrylamide gel (Sch/igger & von Jagow, 1987 ) then transferred to a PVDF membrane (Fig. 2) . The Nterminal sequence of peptide C had the amino acid sequence Ile-Ser-Gly-Pro-Pro-Gln-Arg-Gly which corresponded with the amino acid sequence of the HSV-1 US11 protein from amino acids 42 to 49 as based on the published gene sequence (Rixon & McGeoch, 1984) . As expected, amino acid 41 is methionine. These results strongly indicated that vl was the product of the US11 gene.
Polyclonal antibody directed against the US11 gene product was raised in rabbits in order to determine whether it was able specifically to recognize vl and its phosphorylated derivatives. With this aim, fusion protein (GT-vl) containing an internal fragment of the U S l l gene product fused to GST was expressed from the plasmid vector pGEX-1 (see Methods for the construction of pGEX-1). Two rabbits were immunized with G T -v l purified from cultures of E. colt transfected with the plasmid. Total ribosomal proteins extracted from infected and non-infected cells were separated by SDS-PAGE, transferred to nitrocellulose and probed with anti-GT-vl antibody obtained from one of the rabbits. As shown in Fig. 3 (a and b) this antibody specifically recognized two groups of proteins of 24000 to 26000 and of 21000 to 22000 Mr within total ribosomal proteins from infected cells only. Moreover, when a 2 D -P A G E separation of total cellular acetic acidextracted proteins of 20 h-infected cells was done in an electrophoretic system (basic-SDS) allowing the protein transfer and immunodetection with the same antibody, several vl derivatives were visualized. They include, as shown by small arrows without numbering, two spots above v l a and two other lighter spots on the vlc acidic side together with a few other spots revealed below and to the right of vl (Fig. 3c) . They are also indicated by small arrows without numbering. Therefore, the 24000 to 26000 M r proteins shown in Fig. 3 (b) comprise all the vl derivatives described in Fig. 1 (b) (albeit in another electrophoretic system for technical reasons), and the 20000 to 21000 M,. proteins correspond to less abundant material of lower Mr not identified in the gel depicted in Fig. l(b) . Moreover they are probably all vl-related proteins.
Non-specific association of USl l protein with ribosomes
The U S l l gene product was identified in fractions containing ribosomes purified from the postmitochondrial fraction by centrifugation through a sucrose cushion. Moreover, previously described analysis of 32p-labelled proteins extracted from native 40S subunit, 80S ribosome and polyribosome fractions purified by zonal centrifugation on sucrose gradients showed that at least phosphorylated derivatives of US11 protein were present in all three fractions (Mass6 et at., 1990a). However this is not proof that U S l l protein associates with ribosomes or ribosomal subunits in a specific manner. To clarify this point we took advantage of a polyclonal antibody (GT-vl-1/L3) that reacts specifically with the U S l l protein. In an initial experiment, ribosomes were prepared from 6 h infected cells, washed with 0"5 M-KC1, sedimented through a 1 Msucrose cushion of identical ionic strength, resuspended and separated into ribosomal subunits by sucrose gradient centrifugation. Every fraction collected from the gradient was separated by SDS-PAGE, transferred to nitrocellulose and probed with USll-specific antibody. The result is shown in Fig. 4 . There is clearly immunoreactive material present in every fraction from the top to the bottom of the gradient. However, the proteins did not exhibit identical electrophoretic mobility in the different fractions. In fractions 8 and 9 containing 40S ribosomal proteins, fractions 11 to 14 containing 60S ribosomal proteins and also in subsequent fractions up to 22 the reacting proteins appeared mostly as a doublet corresponding to the 24000 to 26000 M r US11 products depicted in Fig. 3 . Moreover the intensity of the bands was not identical in the different fractions, the darkest ones being in the fractions containing 60S protein but also further down the gradient to fraction 18. In the other fractions 1 to 7, corresponding to the top of the gradient before the 40S subunits, fraction 10, in between both ribosomal subunits, and from fraction 23 to fraction 28, corresponding to the bottom of the gradient, the reacting material appeared as a smear with a lower electrophoretic mobility than the 24000 to 26000 M r proteins. This result was obtained when proteins were either heated or not in the presence of SDS before the electrophoresis step. However, this picture revealed that well resolved bands were obtained in fractions containing more protein. Suspecting that this result could be a kind of artefactual electrophoretic migration, we decided to run gels with more protein per lane. A characteristic result is shown in Fig. 5 for another gradient with more material loaded on the gel. Both the 24000 to 26000 and 21000 to 22000 M r protein doublets were obtained from the top to the bottom of the gradient and, to a lesser extent, additional material of higher electrophoretic mobility. Moreover there was apparently more immunoreactive protein in fraction 2 at the top of the gradient as well as in fraction 15 corresponding to the peak of 60S ribosomal subunits. A parallel experiment, carried out without infection, did not reveal any reacting material throughout the entire gradient (not shown). However, after fractionation of 6 h infected cells, US 11 protein was found everywhere, in the nuclear and in the mitochondrial pellets as well as in all the supernatants and, of course, in the ribosomal fraction (not shown). Taken together, these results were clearly in favour of a non-specific association of the USI 1 protein with either 40S or 60S ribosomal subunits. In order to clarify the discrepancy existing between the results shown in Fig. 4 and in Fig. 5 and to verify whether the apparently artefactual electrophoretic migration of the US 11 protein was due to dilution of the sample, we prepared sequential dilutions of pooled 40S and pooled 60S fractions. In addition, to eliminate possible interaction with nucleic acids present in these fractions, proteins were extracted with acetic acid, reduced and alkylated before electrophoresis (Madjar & Traut, 1980) . As shown in Fig. 6 , the U S l l protein appeared as several well resolved bands up to a certain dilution after which the immunoreactive material was revealed as a smear (see the transition between lanes 4 I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I and 5 in Fig. 6 a and between lanes 5 and 6 in Fig. 6 b, for the 40S and 60S protein fractions respectively). To verify whether this phenomenon was due to the dilution of USll alone or to the diminution of the total protein content, a fraction from the top of the gradient was analysed after addition of ribosomal proteins from noninfected cells. As shown in Fig. 6(c) , addition of SDSsolubilized ribosomal proteins to such a sample restored the normal USll migration pattern. Identical results were obtained following addition of SDS-solubilized standard M,. markers (not shown). At present we have no clear explanation for the abnormal electrophoretic behaviour of this proline-rich basic protein.
1.0,
To eliminate a possible association of the US ll protein with ribosomes through mRNA, purified polyribosomes were treated with either puromycin or micrococcal DNase or successively with one and the other in both orders, before ribosomal subunit separation by sucrose gradient centrifugation in 0.5 N-KC1. In every case, the electrophoretic pattern of the different fractions was identical to that shown in Fig. 5 . Again the same pattern was obtained when ribosomal subunits were separated directly from a post-mitochondrial supernatant without the intermediate ribosome purification step by centrifugation through the 1 N-sucrose cushion. These results suggested that in fact, at least under our routine conditions, the USll protein was present throughout the gradient migrating as particles of up to several megadaltons, as aggregated material. Moreover, when the separation of ribosomal subunits was carried out in the presence of Triton X-100, here again the US 11 protein was found throughout the gradient albeit with bands of decreased intensity. The amount of US 11 in the post-ribosomal supernatant was not increased by the presence of Triton X-100 in the sucrose cushion nor was there an increase in the amount at the top of the gradient in the subsequent purification step. These observations could be the result of a lower transfer efficiency to the nitrocellulose membrane due to the presence of Triton X-100, rather than of a potential inhibition of aggregation or oligomerization of the US11 protein.
Discussion
We designed a strategy for the identification of a basic phosphoprotein of viral origin found in large amounts in the cytoplasm of cells at specific times after HSV-1 infection, hypothesizing some fundamental role of this protein in the specific translation of certain viral mRNA (Mass~ et al., 1990a) . The partial N-terminal sequence of one of the peptides obtained after CNBr cleavage of this protein demonstrated that this protein could be the HSV-1 US 11 gene product. Further proof was provided from the fact that this protein was recognized by an antibody raised against a recombinant fusion protein containing a portion of the US11 carboxy end coding sequence. This antibody recognized two sets of proteins of 24 000 to 26 000 and 21000 to 22 000 M r and a few additional proteins of lower M r visible only when the SDS-PAGE was performed with larger amounts of sample. The 24 000 to to 26 000 M r species corresponded to a phosphoprotein yielding several spots when analysed by 2D-PAGE, including a single unphosphorylated form.
Most, if not all, of the charge heterogeneity of this first doublet can be attributed to different degrees of phosphorylation on serine residues. The second doublet of 21000 to 22000 M r also displayed several spots when analysed by 2D-PAGE, suggesting that it may correspond to cleavage products of the mature protein, again detected as several phosphorylated forms. However, no radioactivity was ever found in this second set of products. This is probably because in all our analyses they appear to be clearly much less abundant and are thus below detection levels. The mass heterogeneity of the US 11 gene product has been previously demonstrated with antisera raised against different synthetic oligopeptides (MacLean et al., 1987) , but with slightly different values than were observed in this study. In addition to the technical differences between the electrophoretic system used for the measurement of the M r the slight discrepancies in calculation can also be explained by the different number of Arg X-Pro repeats found between the different HSV-1 strains as already emphasized by Roller & Roizman (1992) . However, to our knowledge, the difference in charge reflecting different degrees of phosphorylation on serine residues has never been reported. The nature of the kinase(s) responsible for this phosphorylation, either of viral or of cellular origin, is totally unknown at present. This protein, now identified as the US11 gene product, co-purified with ribosomes after cell fractionation carried out through different ultracentrifugation steps. Indeed, in our previous studies, the phosphorylated derivatives of USll protein were found in fractions containing ribosomes 6h after infection (Mass~ et al., 1990a) . Moreover, these phosphorylated derivatives were found in all ribosomal fractions, albeit with a different distribution, after they had been separated by centrifugation in sucrose gradients at low ionic strength (Mass6 et al., 1990a) . These results lent strong support to the possibility of a specific association between USll phosphorylated protein and native 40S ribosomal subunits, 80S ribosomes and polyribosomes engaged in protein synthesis. When the USll-specific antibody became available, we re-examined this point more carefully with a slightly different approach, i.e. we separated ribosomal subunits in high ionic strength sucrose gradients. The US11 protein was recovered from every fraction of the gradients including those corresponding to molecules having large coefficients of sedimentation and where no ribosomes were migrating, since they were all separated into constituent subunits. This finding does not support the postulate that the US11 protein is specifically associated with ribosomes. Indeed if this protein were specifically associated with the ribosomes but partially removed in the sucrose gradient during the centrifugation step, no US11 protein should be present in fractions further into the gradient than the 60S subunits or the putative residual non-dissociated 80S ribosomes. This result indicates that, in fact, the US11 protein is present in the cytoplasm of infected cells and recovered as aggregated particles with coefficients of sedimentation ranging from a few Svedberg units up to more than 80S. Since US 11-immunoreactive protein was present throughout the entire gradient, one may assume that US11 was present as heterogeneous oligomers, the largest ones being several megadaltons, thus consisting of up to 200 US11 molecules. The nature of this putative oligomerization is completely unknown but is not impaired when Triton X-100 is added to the sucrose gradient.
One may speculate that the phosphorylation of the protein is involved in this oligomerization process which may be facilitated by the very high centrifugational forces used for these subcellular fractionations. This behaviour is reminiscent of that of the human immunodeficiency virus type 1 rev protein whose interaction with a structured region in env mRNA is dependent on multimer formation (Olsen et al., 1990; see also Arrigo et al., 1992) . Protein rev is also able to oligomerize as hollow fibres, at least in vitro, as demonstrated by electron microscopic studies (Heaphy et al., 1991) . A similar behaviour was described in vivo for the mammalian 28 000 M r heat-shock protein (Arrigo et al., 1988) . However, whether or not this US11 protein aggregation or oligomerization is of biological significance remains to be elucidated. Very recently, Roller & Roizman (1992) described the US11 protein as a virion component and claimed that it was associated with 60S ribosomal subunits. The first statement is in agreement with our previous data (Mass6 et al., 1990a) giving evidence that this protein is brought into the cell along with the viral particle. Nevertheless we cannot conclude from our present data that USll protein specifically associates with 60S ribosomal subunits. Rather, these results indicate that US ll protein, although present in the same subcellular fraction, is behaving independently of ribosomal subunits. The fact that it is also detected in other subcellular extracts supports the non-specific nature of its presence in the ribosomal fraction. Roller and Roizman's conclusion could be explained by the fact that the abnormal electrophoretic mobility of this protein, clearly concentration-dependent, makes it appear as a smear of higher M r when too dilute, and as distinct bands when mixed with sufficient amounts of other proteins. This is clearly illustrated in the gradient represented in Fig. 4 .
US11 is a true late gene and the protein, synthesized late in infection, accumulates in the nucleus and the nucleolus as well as in the cytoplasm after 12h of infection as shown in several studies by immunofluorescence and ultrastructural immunocytochemistry (MacLean et al., 1987; Puvion-Dutilleul, 1987) . One may suppose that it is packaged within the native particle where it is found as a viral structural protein estimated to be present at 600 to 1000 copies per virion (Roller & Roizman, 1992) . Since US11 protein is found associated with the fibriUo-granular material of the virus-specific electron-translucent region early in infection (PuvionDutilleul, 1987) and in the cytoplasm only after 6 h of infection, at least in our experimental conditions (Mass6 et al., 1990a ; this present study), one might speculate that the US11 protein brought by the virion goes first to the nucleus together with the viral DNA, before coming back to the cytoplasm where it is found as aggregated material. Therefore, the US11 protein found in infected cells at the early time after infection (Puvion-Dutilleul, 1987; Mass6 et al., 1990a) should be the USll protein introduced by the virion and not newly synthesized protein. Moreover our previous data (Mass~ et al., 1990a) have shown that in the presence of actinomycin D, US11 protein is found in the cytoplasm as early as 2 h post-infection, indicating that US11 protein reaches the cytoplasm sooner in the absence of viral transcription. Since US 11 protein is an RNA-binding protein and even associates with a specific nucIeotide sequence localized at the 3' end of a truncated UL34 mRNA (Roller & Roizman, 1991) , we propose that a possible function for US11 protein is the correct transport, from the nucleus to the cytoplasm, of specific mRNAs allowing them to be translated.
